The synthesis of several 5-substituted derivatives of 3H-pyrrolo[2,3-c]isoquinolines, 3H-pyrrolo[2,3-c][2,6]naphthyridines, and 3H-pyrrolo[2,3-c][1,7]-naphthyridines is described. These compounds were prepared by the dihydroxylation of the alkenyl group of the 1-substituted 4-alkenyl-3-amino analogs of isoquinoline, [2,6]-and [1,7]naphthyridines, respectively, followed by oxidative cleavage of the resulting diols.
Introduction
It has been shown 1,2 that α-alkenyl-2-cyano-3-pyridylacetonitriles, 1 α-alkenyl-4-cyano-3-pyridyl acetonitriles 2 and α-alkenyl-α-cyano-o-tolunitriles 3 serve as valuable allylating agents in the preparation of 4-alkenyl-3-amino-1,7-naphthyridines, 1 4-alkenyl-3-amino-2,6-naphthyridines, 2 and 4-alkenyl-3-aminoisoquinolines 3 respectively. Furthermore, several of these heterocycles underwent palladium-assisted intramolecular cyclization 4 under either catalytic or stoichiometric conditions to give 3H-pyrrolo [2,3- [4,3-c] [1, 8] naphthyridines. 1 However, many 4-alkenyl-3-amino derivatives gave only inextractible mixtures of palladium complexes when subjected to palladium-assisted cyclization conditions. Recently, a new ring forming methodology for the synthesis of bioactive pyrroloquinoline derivatives was reported. 5 This synthesis involved the vicarious nucleophilic substitution of nitro quinolines and hydrogenation of the resulting ortho cyanomethyl nitrogen heterocycle. Since we had some difficulty in acquiring 3H-pyrrolo [2,3-c] derivatives by Hegedus coupling 4 we sought an alternate cyclization method of the 4-alkenyl-3-amino heterocycles.
Results and Discussion
We first explored the possibility of oxidatively cleaving the 4-alkenyl group of 4-alkenyl-3-aminoisoquinolines (1), 4-alkenyl-3-amino-1,7-naphthyridines (5) and 4-alkenyl-3-amino-2,6-naphthyridines (9) to the corresponding aldehydes (3, 7 and 11) by ozonolysis. Although each 4-alkenyl analog would give the same aldehyde, we choose the 4-prenyl derivatives over the other two, 1 since they could be synthesized in high yields without any isomerization of the alkenyl double bond. The aldehyde would then be expected to react intramolecularly with the adjacent 3-amino group resulting in the construction of a pyrrole ring. We first tried the time-honored ozonolysis cleavage of carbon-carbon double bond at room temperature. However, the desired aldehyde or final cyclization products were not obtained. In most cases, inextractible tars were produced. When the ozonolysis was carried out at -78 o C, unidentifiable viscous, hygroscopic, polar substances were obtained. Thus we used a milder synthetic method which involved the following steps. First, (1a-e, 5, and 9a-c) were converted into the diols (2a-e, 6, and 10a-c) by treatment with OsO 4 under catalytic conditions 6 using N-methylmorpholine N-oxide 7 (Upjohn Process) as the cooxidant. In the second step, the crude diols in CH 2 Cl 2, were treated with a solution of NaIO 4 (2 equiv.) in water in the presence of an appropriate amount of silica gel to give the aldehydes (3a-e, 7, and 11a-c), which were cyclized to 3H-pyrrolo derivatives (4a-e, 8, and 12a-c). These results are summarized in Scheme 1 and Table 1 . The spectral data for 4, 8 and 12 were consistent with the proposed structures. For example, the 1 H NMR spectrum of each pyrrolo product exhibited characteristic pyrrole ring proton splitting patterns in the range of 6-7 ppm. 8 These hydrogens appeared as doublet of doublets resulting from coupling with each other and with the 3-N-H group. These patterns resolved into clearly separated doublets when 1 H NMR spectra were obtained from solutions to which a drop of D 2 O was added. The chemical shifts and splitting pattern of the hydrogen atoms in the pyridine ring of the naphthyridines were also consistent with the proposed structures. For example, the signal of 7-H, which is adjacent to the pyridine ring nitrogen, occurred downfield at 8.95 ppm whereas similar hydrogens in the isoquinolines (4a-e) appeared at 7-7.5 ppm. Additionally, the signal of the N-H group in all products occurred between 10-11.95 ppm. Unfortunately, the 4-alkenyl-1-(piperidin-1-yl) and 4-alkenyl-1-(pyrrolidin-1-yl) analogs were not converted into the desired diols and, of course, the desired 3H-pyrrole derivatives. TLC, GC/MS and 1 H NMR of the worked-up reaction mixtures revealed the presence of only starting materials.
In conclusion, several 5-substituted 3H-pyrrolo[2,3-c]isoquinolines and 5-substituted 1,7-and 2,6-naphthyridines have been prepared by the oxidative cleavage of the corresponding 4-alkenyl-3-aminoisoquinolines and 4-alkenyl-3-aminonaphthyridines. The major significance of this synthetic method is the ease in which primary and secondary alkyl and aryl groups are readily introduced onto these heterocyclic compounds. In addition, several pyrroloquinoline derivatives have been found to exhibit significant cytotoxicity in ovarian carcinoma cell line panels. 5 These derivatives may provide new leads in the search for effective agents in drug resistant diseases. Stepwise cleavage procedure To a solution of substrate (1) (0.5 mmol) and N-methylmorpholine N-oxide (NMO) monohydrate (81 mg, 0.6 mmol) in acetone/water (5:1, 10 mL) at 0°C was added OsO 4 (7.62 mg, 0.03 mmol). The resulting mixture was stirred for 3-12 h at rt and then concentrated. The residue was dissolved in CH 2 Cl 2 (10 mL), and solid sodium sulfite was added. The mixture was filtered through Celite, silica gel (100-200 mesh, 10 g) was added to the filtrate, and the mixture was cooled to 0°C. Sodium periodate (214 mg, 1 mmol) was added in a solution of water (2 mL). The reaction mixture was stirred at rt for 1 h followed by filtration through Celite. The filtrate was dried and concentrated, and the crude product was purified by silica gel column chromatography using hexane-ethyl acetate (1:9) as eluent. The spectral and analytical data for products are listed below. 
5-Butyl-3H-pyrrolo[2,3-c]isoquinoline (4a

